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(54) An antenna downlink beamsteering arrangement 



(57) A base station arrangement including an anten- 
na array is disclosed, wherein the uplink signals are 
weighted with complex array weights and the downlink 



signals are steered, wherein the downlink signals are 
steered using data from directional information derived 
from the uplink signals. A method of operation is also 
disclosed. 
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Description 

This invention relates to cellular radio communica- 
tion systems and in particular relates to an antenna 
downlink beamsteering arrangement. 

Cellular radio systems are currently in widespread 
use throughout the world providing telecommunications 
to mobile users. In order to meet the capacity demand, 
within the available frequency band allocation, cellular 
radio systems divide a geographic area to be covered 
into cells. At the centre of each cell, there is a base sta- 
tion through which the mobile stations communicate, 
each base station typically being equipped with antenna 
arrays arranged sectors. Configurations of three or six 
sectors (sub-cells) are often employed, where the high- 
er gain of correspondingly narrower beamwidth anten- 
nas improve the uplink from the lower power mobiles. 
The distance between the cells is determined such that 
co-channel interference is maintained at a tolerable lev- 
el. 

Obstacles in a signal path, such as buildings in built- 
up areas and hills in rural areas, act as signal scatterers 
and can cause signalling problems. These scattered 
signals interact and their resultant signal at a receiving 
antenna is subject to deep and rapid fading and the sig- 
nal envelope often follows a Rayleigh distribution over 
short distances, especially in heavily cluttered regions. 
A receiver moving through this spatially varying field ex- 
periences a fading rate which is proportional to its speed 
and the frequency of the transmission. Since the various 
components arrive from different directions, there is also 
a Doppler spread in the received spectrum. 

When a new cellular radio system is initially de- 
ployed, operators are often interested in maximising the 
uplink (mobile to base station) and downlink (base sta- 
tion to mobile station) range. The ranges in many sys- 
tems are uplink limited due to the relatively low trans- 
mitted power levels of hand portable mobile stations 
Any increase in range means that fewer cells are re- 
quired to cover a given geographic area, hence reducing 
the number of base stations and associated infrastruc- 
ture costs. 

The range of the link, either the uplink or the down- 
link, can be controlled principally in two different ways, 
by adjusting either the power of the transmitter or the 
gain at the receiver. On the downlink the most obvious 
way of increasing the range is to increase the power of 
the base station transmitter. To balance the link the 
range of the uplink must also be increased by an equiv- 
alent amount. The output power of a transmitter on a 
mobile, however, is constrained to quite a low level to 
meet national regulations, which vary on a country to 
country basis. Accordingly the receive gain at the base 
station must be increased. 

The principal method of improving the receive sys- 
tem gain and to reduce the effect of fading is to include 
some form of diversity gain in addition to the receive an- 
tenna gain. The object of a diverse system is to provide 



the receiver with more than one path, with the paths be- 
ing differentiated from each other by some means, e.g. 
space, angle, frequency or polarisation. The use of 
these additional paths by the receiver provides the di- 

5 versity gain. The amount of gain achieved depends up- 
on the type of diversity, number of paths, and method of 
combination. 

This invention is concerned with spatially diverse 
systems and in particular seeks to provide an arrange- 
to ment wherein downlink performance is improved. 

Cellular radio base stations frequently use two an- 
tennas for diversity reception on the uplink, spaced by 
many (e.g. 20) wavelengths. This large spacing is re- 
quired because the angular spread of the incoming sig- 

15 nals is narrow. This can be represented as a ring of scat- 
terers around a mobile user who is transmitting to a base 
station otherwise known as the uplink path and such an 
arrangement is shown in Figure 1 . For example the ra- 
dius of scatterers may be 50 to 100 metres, and the 

20 range to the base station may be up to 10 km, resulting 
in a narrow angular spread. A large antenna spacing is 
required at the basestation to provide decorrelated 
fading , which can be calculated from the Fourier trans- 
form relationship between antenna array aperture and 

25 angular width (a large aperture in wavelengths provides 
a narrow beam). 

In order to improve wanted signals and discriminate 
against interfering signals, antennas are being devel- 
oped which utilise an array of antenna elements at the 

30 base station, allied with an "intelligent" beamformer. 
One such technique is to use a multichannel maximal 
ratio combiner on reception at the base station array. 
This operates by weighting the array signals Sj (i=1 to 
N, where N = the number of elements in the array) with 

35 their complex conjugates s* (assuming equal noise 
powers on each channel) and summing to give: 

S= |>i* s i= £lsil2. 

1=1 i=1 

For a N element array, this provides both array gain 
(approximately a factor N in power) and diversity gain, 

45 the latter only if at least some of the array elements are 
widely spaced. Thus a factor N improvement in mean 
signal level can be achieved, allowing extended range 
or lower mobile transmit power. The array provides nar- 
rower beams than a single antenna element, and hence 

so also provides better protection against interference, im- 
proving carrier to interference ratios and hence allowing 
higher capacity systems by reducing re-use factors. 

The limitation of the above is that the improvements 
are only for the uplink, and not for the downlink (base 

55 station transmit to the mobile). The present invention 
seeks to provide an improved downlink signal. 

A standard feature of a number of cellular radio sys- 
tems is that the sets of uplink and downlink frequencies 
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are separated into two distinct bands spaced by a guard 
band, for example 1800 - 1850 MHz (uplink) and 1900 
- 1950 MHz (downlink). Up- and down- link frequencies 
are then paired off, e.g. 1 800 with 1 900, 1 850 with 1 950. 
There is therefore a significant change of frequency (e. 5 
g. 5%) between up and down links. There is conse- 
quently no correlation for the fast fading (as the mobile 
moves) between up and down links. 

In accordance with the present invention, there is 
provided a base station arrangement including an an- io 
tenna array, wherein the uplink signals are weighted 
with complex array weights and wherein the downlink 
signals are steered using directional information derived 
from the uplink signals. 

In accordance with another aspect of the present is 
invention, common array elements are used for the up- 
link and downlink signals. Alternatively, only some of the 
antenna elements are employed for both the uplink and 
downlink signals. Separate arrays can be used for the 
up and down links, and in particular it may be preferable 20 
to have a closely spaced array for the downlink, with a 
less closely spaced array for the uplink. 

In accordance with a still further aspect of the in- 
vention, there is provided a base station arrangement, 
wherein the antennas are arranged in two groups per 25 
facet, wherein a first group comprises a plurality of an- 
tenna arrays and a second group comprises a single an- 
tenna array. Alternatively, both group could comprise a 
plurality of antenna arrays. 

In accordance with a still further aspect of the in- 30 
vent ion, there is provided a method of operating a base 
station arrangement, wherein incoming signals from a 
mobile radio are weighted with complex array weights, 
deriving directional information from these signals and 
applying the directional information to the downlink sig- 35 
nals whereby a downlink beam is steered towards the 
mobile. 

The method of combining the uplink signal can be 
performed by the use of maximal ratio combining, with 
the method of combining the downlink signal employing 40 
standard beam weights. Non-uniform array spacings 
can be used. 

The present invention thus resides in the use of 
complex array weights for the uplink signals, deriving 
directional information from the uplink signals and using *5 
this data to steer the downlink beam. 

In order that the invention may be more fully under- 
stood, reference will now be made tothe figure as shown 
in the accompanying drawing sheets, wherein: 

so 

Figure 1 shows a downlink signal scattering model ; 
Figure 2 is a graph detailing uplink and downlink 
gain versus antenna element spacing for a 4-ele- 
ment antenna array, with a mobile at broadside; and 
Figure 3 is a graph detailing uplink and downlink ss 
gain versus antenna element spacing for a 4-ele- 
ment antenna array, with a mobile at 30° from 
broadside. 



090 A1 4 

Figure 2 shows the array gain for a four element 
array, where maximal ratio combining weights are used 
for the uplink and a standard beam (e.g. uniform ampli- 
tude array weights) are used for the downlink. The gain 
is shown as a function of array inter-element spacing. 
This figure shows gain averaged through the fast fading, 
and are for the case of a mobile positioned "broadside" 
to the array. The uplink gain rises above 6 dB (N=4) due 
to diversity gain (this part is dependent on the error rate). 
No diversity gain occurs on the downlink, as standard 
beam weights are used. Significant array gain is avail- 
able on the downlink, provided the array spacing is not 
too large. It is then possible to select an array spacing 
such that array gain and significant diversity gain are 
available on the uplink, and there is still significant array 
gain for the downlink, for example with an array spacing 
of about 10 wavelengths for this scenario. 

Figure 3 shows the corresponding results for the 
case where the mobile position is moved to 30 degrees 
from broadside, and direction finding (d.f.) using the up- 
link signals has been employed to steer the downlink 
beam towards the mobile and its ring of scatterers. The 
resulting curve is similar to the broadside case, apart 
from a factor to allow for the projected aperture of the 
array. 

Two possible uplink/downlink scenarios arise from 
these results: Common array elements can be used with 
complex weights (e.g. maximal ratio combining weights) 
for the uplink and standard beam weights (uniform or 
tapered amplitude, phase slope to steer the beam) for 
the downlink. Alternatively, separate arrays can be used 
for up and down links, for example a closely spaced ar- 
ray can be employed for the downlink, to provide the 
maximum downlink gain (the left portion of the graphs 
in Figures 2 and 3), with a less closely spaced array be- 
ing employed for the uplink, to provide maximum spatial 
diversity (the centre-right portions of the graphs in Fig- 
ures 2 and 3). A combination of these two concepts is 
also possible, for example, if some elements are shared 
and non-uniform array spacings are used. Thus, com- 
plex array weights are employed for the uplink, the 
downlink beam is steered, with directional information 
being derived from the uplink signals. 

There are various possible methods for deriving di- 
rectional information from the uplink signals. One exam- 
ple is to use an array with a first group of closely spaced 
elements (< 1X), plus one or more antenna elements 
which are spaced from the first group of elements and 
can be considered as "out-Her" elements with a wide 
spacing tothe close spaced group, to achieve good spa- 
tial diversity gain for the uplink. The out-lier elements 
may comprise a single linear array or comprise a second 
group of elements, conveniently the same type of array 
as the first group whereby uniformity of componentry 
may be maintained and reduce costs of manufacture 
and ease installation. 

The first group of elements (and second if of a smilar 
configuration) can be connected to a multiple beam 
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former, such as a Butler matrix, which forms simultane- 
ous multiple beams spanning the sector of interest. By 
detecting the relative amplitudes in the multiple beams, 
the angle of arrival of the uplink signal can be deduced, 
and this information used to derive the necessary phase 
slope to be applied to the close spaced array elements 
for the downlink signal. Uplink maximal ratio combining 
can be performed on the complex beam outputs plus 
the outlier element(s) output(s). 

Since direction finding is facilitated with an array 
containing both small and large spacings, this array con- 
figuration is also usefully incorporated for the uplink. 

There are four antenna columns on a typical cellular 
base station facet: on the uplink all four antenna col- 
umns are used and maximal ratio combining is carried 
out; on the downlink, rather than combining the outputs 
through four transmitters, the signals are fed through 
one antenna. The combining advantages are lost on the 
downlink since the antennas of a whole array are em- 
ployed for each frequency . The present invention al- 
lows the burden of combining to be shared, where there 
is an out-lier, whereby spatial diversity is obtained by 
spacing the antenna groups spaced apart. Signals do 
not have to be put through the transceiver transmitters 
of only one group of anennas of one facet: instead the 
signals can be split between the grpoups of antennas of 
the facet. This eases the combining load imposed on 
the antennas and beamformers. A further advcantage 
lies in the reduced visual impact of a base station. Whilst 
there are two antenna groups per sector, which increas- 
es the number of elements liable to sreate a visual im- 
pact, the size of the antenna groups can be reduced 
whereby a smaller visual impact is created, provided 
that the antenna groups are sufficiently widely spaced 
apart. 



with a less closely spaced array being employed for 
the uplink. 

6. An arrangement according to claim 1 or 2, wherein 
5 the method of combining the uplink signal is maxi- 
mal ratio combining. 

7. An arrangement according to claim 1 or 2, wherein 
the method of combining the downlink signal em- 

10 ploys standard beam weights. 

8. An arrangement according to any one of claims 1 
to 7, wherein the antennas are arranged in two 
groups per facet, wherein a first group comprises a 

is plurality of antenna arrays and a second group com- 
prising a single antenna array or a plurality of an- 
tennas. 

9. An arrangement according to any one of claims 1 
20 to 7, wherein non-uniform array spacings are used. 

10. A method of operating a base station arrangement, 
wherein incoming signals from a mobile radio are 
weighted with complex array weights, deriving di- 

25 rectional information from these signals and apply- 
ing the directional information to the downlink sig- 
nals whereby a downlink beam is steered towards 
the mobile radio. 

30 



35 



15 



Claims 

1 . A base station arrangement comprising an antenna 
array, wherein the uplink signals are weighted with 
complex array weights and wherein the downlink 
signals are steered using directional information de- 
rived from the uplink signals. 

2. An arrangement according to claim 1 wherein com- 
mon array elements are used for the uplink and 
downlink signals. 

3. An arrangement according to claim 1 wherein some 
antenna elements are employed for both the uplink 
and downlink signals. 

4. An arrangement according to claim 1 wherein sep- 
arate arrays are used for up and down links, 

5. An arrangement according to claim 4 wherein a 
closely spaced array is employed for the downlink, 
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Fig.2. 
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Fig.3. 
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